This study was conducted to determine tick burden and immunological parameters of resistance to East Coast fever (ECF) in Tarime and Sukuma cattle. Tick load, packed cell volume (PCV), Theileria parva (T. parva) specific antibody percent positivity (PP), and prevalence of T. parva parasites were studied in relation to dipping regime, strains, and season. A total of 50 experimental cattle were included in this study. Tick load was determined by whole body counts, antibody percent positivity was determined by the polymorphic immunodominant molecule (PIM)-based T. parva enzyme-linked immunosorbent assay (ELISA), and prevalence of T. parva parasites was detected by a nested polymerase chain reaction (PCR) based on the p104 gene. Dipping frequency on tick burden showed no statistically significant differences when cattle of either strain were dipped either once every 2 or 3 weeks in the dry and wet seasons. However, Tarime cattle had higher (p<0.05) tick count than Sukuma cattle and non dipped groups maintained high tick infestation throughout the experimental period. The PCV values were within the physiological range, although this parameter was lower in Tarime cattle (p<0.05). All cattle regardless of strain were seropositive, although Tarime cattle maintained higher PP compared to Sukuma by 15%. Conversely, the prevalence of T. parva parasites was lower in Tarime (38%) compared to Sukuma cattle (38.5%), but the difference was not significant (p>0.05). During the study period, 20% (5/25) of Sukuma cattle contracted ECF, but none of the Tarime cattle showed clinical signs for the disease. The differences between the two strains shown in terms of PP and T. parva parasite prevalence may indicate the ability of individual cattle to resist tick infestation and ECF infection under natural challenge. Higher antibody levels but lower parasite prevalence attained by Tarime cattle, suggests inherent ability of Tarime cattle to resist clinical development of ECF infection, but to remain as T. parva carriers.
INTRODUCTION
Tanzania is endowed with valuable indigenous strains of cattle (Das and Mkonyi, 2003) . These livestock resources, apart from offering direct food products like meat and milk, also provide draught animal power as labor saving technologies; manure for fertilizing crop fields and biogas for electrification or cooking fuel which has a potential for reducing deforestation (MLFD, 2015) . About 80% of the indigenous cattle strains in Tanzania are exposed to vector-borne infections, among which is East Coast fever (ECF) which is a major killer disease (Kivaria, 2006) causing substantial losses in terms of morbidity in adult cattle of improved breeds and calf mortality, and therefore, hinders development of the livestock sector (Swai et al., 2007; Chenyambuga et al., 2008) . Control strategies for ECF are based on the use of acaricides to control the vector ticks, chemotherapy of sick animals as well as immunization of cattle by the infection and treatment method (ITM) (Norval et al., 1992; Musoke et al., 2004; Oura et al., 2004) . Acaricide use and chemotherapy are often limited by high costs, development of resistance by the vector ticks, and the parasites as well as environmental impacts (Mugisha et al., 2005; Kivaria, 2006; deCastro, 1997; George et al., 2004; Ministry of Water and Livestock Development, 2004) . On the other hand, ITM offers a valuable alternative for ECF control (Oura et al., 2004) ; however, its widespread application has faced many challenges. These include the requirement of cold chain mode of delivery to remote areas and high cost of the vaccine (up to US$10 per animal), which is unaffordable to most smallholder herders (Di Giulio et al., 2009) . Furthermore, ITM does not completely eliminate the need for acaricide application due to the potential existence of other tickborne diseases.
Indigenous strains of cattle found in ECF endemic areas around the Lake zone of Tanzania (that is, areas around Lake Victoria), such as the Tarime cattle are reported to be more tolerant to ECF than exotic cattle and other zebu in the same region (Paling et al., 1991; Chenyambuga et al., 2008) . This is probably due to natural selection, because of the long-time exposure to the disease in the region. However, much of available evidence is based on anecdotal information regarding tolerance of Tarime cattle to ECF (Chenyambuga et al., 2008) .
The aim of present study was to assess tick burden and immunological parameters of resistance to ECF in Tarime in comparison to Sukuma cattle found in the same zone. Cattle from the two strains were subjected to acaricide application using two different frequencies, either once every 2 or 3 weeks. The findings from this study will make it possible to make strong recommendation about the potential of indigenous strains for rational utilization in ECF endemic areas.
MATERIALS AND METHODS

Study area
This study was conducted at Tanzania Livestock Research Institute (TALIRI), Mabuki centre in Mwanza region, Lake Zone of Tanzania. The centre is located between latitudes 2° 58' 84" South and longitudes 33° 58' 12" East at an altitude of 1174 m above sea level. Temperatures at the centre range between 25 and 35°C and rainfall ranges from 600 to 800 mm per annum. The rainfall pattern is bimodal, with short rains starting in November and ending in February and long rains starting in mid March and ending in May.
Study design and animals
A total of fifty cattle (25 Tarime and 25 Sukuma), aged 9 to 12 months were randomly selected from a cohort of 110 cattle, which were previously purchased from farmers around the Lake Zone of Tanzania, where the animals have been kept for many years under smallholder management systems with poor tick control practices. Farmers around the Lake Zone believe that the Tarime and Sukuma strains possess resistance to tick infestation and/or ECF infection. The original cohort of 110 cattle had been kept at Mabuki Research centre in Mwanza, Tanzania for a yearlong monitoring of tick-borne diseases, during which time the cattle were kept under similar management conditions including weekly dipping. At the onset of this study, cattle from each type, shown to be free of ECF (by absence of blood piroplasms) were divided into groups of eight, eight, and nine. The cattle were individually identified by different colored ear tags and allocated to experimental groups, which were distinguished by different dipping regimes. Cattle in group 1 were dipped once after two weeks while those in group 2 were dipped once every three weeks. The third group, comprising 9 cattle served as control group without dipping throughout the study period. Dipping was done using alphacypermethrin (Dominex ® ) with an initial dip filling of 1 L of Dominex ® for 2000 L of water, and dip replenishing by adding 1 L of Dominex ® for 1250 L of water. The experiment was conducted during the dry season (mid-August to mid-November 2014) and the wet season (mid-November 2014 to mid-February 2015).
The three cattle groups were grazed together and monitored throughout the study period for tick counts and any ECF clinical signs (fever; that is body temperature above 39.5°C for more than 3 consecutive days; swelling of parotid and prescapular lymph nodes; presence of a macroschizont index ≥5% on collected smears and acute respiratory distress). Any diseased animal was promptly treated using buparvaquone (2.5 mg/kg) and all animal biodata was recorded on field sheets. 
Sampling
Whole body tick counts were done once every week just before dipping. Only adult ticks were counted and identified to genus level in situ. Once every three weeks blood samples were collected by jugular vein-puncture into plain vacutainer tubes for serology and into EDTA-containing vacutainer tubes for whole blood (Poly Medicure Ltd, Faridabad, India) (for packed cell volume [PCV] and DNA extraction). A total of 400 blood samples were, therefore, collected during 6 months in 8 sampling periods at three week intervals. The blood samples were transiently stored in cool boxes containing ice packs and then transferred to Tanzania Veterinary Investigation and Laboratory Agency (TVLA) in Mwanza for initial processing (PCV and serum extraction) and then transferred to the Faculty of Veterinary Medicine laboratories at Sokoine University of Agriculture, Morogoro for further analyses.
Tick identification and counts
Tick counts were done according to Londt et al. (1979) . Visible adult ticks were counted from whole animal body and identified using the keys of Mathysse and Colbo (1987) . The ticks were identified to genus level and recorded for each animal in relation to frequency of dipping season and strain.
Genomic DNA extraction and detection of Theileria parva
Genomic DNA was extracted from 400 whole blood samples using the Pure Gene Blood Core (QIAGEN) Kit (Minnesota, USA) according to the manufacturer's instructions. The nested p104 polymerase chain reaction (nPCR) was used to screen all field samples for the presence of T. parva. Primers derived from the T. parva-specific 104-KDa antigen (p104) gene were used in the PCR amplification as previously described by Odongo et al. (2010) and Iams et al. (1990) . The sequences of the forward and reverse primers were 5'ATT TAA GGA ACC TGA CGT GAC TGC 3' and 5' TAA GAT GCC GAC TAT TAA TGA CAC C 3', respectively, for first the round and 5' GGC CAA GGT CTC CTT CAG AAT ACG3' and 5'TGG GTG TGT TTC CTC GTC ATC TGC 3', respectively, for second the round. The nPCR amplifications were performed in a total volume of 20 μl containing 14 µl nuclease-free water, 0.5 μl (10 pmol) of each of forward and reverse primers and 5 μl of genomic DNA (20 ng/μl) template added into the lyophilized pellet (Bioneer PCR Pre-Mix -Korea), followed by vortexing and brief spin down to dissolve the pellet. Reaction conditions for the primary PCR included initial denaturation at 94°C for 5 min, denaturation at 94°C for 60 s, annealing at 60°C for 60 s and extension at 72°C for 60 s and the amplification was done in 30 cycles. For a second round, amount of water was 18.5 and 0.5 μl of the primary PCR product was used as a template. The cycling profile condition for the second PCR was the same as the primary amplification, except for the annealing temperature which was 50°C. The nPCR reactions were carried out in a thermocycler (TAKARA Bio Inc., Japan). The nPCR products were separated on 1.5% agarose gels and visualized on ultra violet (UV) trans-illuminator.
Packed cell volume (PCV)
The PCV was determined using whole blood drawn from the jugular vein into EDTA-containing vacutainer tubes. Blood was drawn from the tubes using capillary tubes filled to ¾ of its length. One end of the tube was sealed with cristaseal and then placed into a microhaematocrit centrifuge (ex UK with 9 cm rotor radius) for 5 min at Laisser et al. 23 12,000 rpm (RCF; 14,489.28 g). Reading of the PCV was performed on the Micro-haematocrit Reader Scale. The PCV was determined from the reading expressed as percentage of packed red cells in the total volume of blood.
Indirect ELISA for T. parva antibodies
The PIM-based enzyme-linked-immunosorbent assay (ELISA) described by Katende et al. (1998) was used to measure specific antibodies to T. parva (sensitivity > 99%, specificity 94 to 98%). Optical density (OD) of each sample was measured at 405 nm using an Erba Lisascan II ELISA reader (ERBA diagnostics, Mannheim GmbH, Germany). The OD readings were used to compute antibody percent positivity (PP) for each sample using the formula: %PP = × 100 Mean OD of sample Mean OD of strong positive
The PP of 20% or higher was considered positive.
Data analysis
The data obtained from tick count, PCV, ELISA and PCR were coded and analysed using the statistical package for social sciences (SPSS) research software version 16 (SPSS, 2008) . The percent of tick species, PCV, PP, and the prevalence of T. parva were compared using a chi-square to test the significance of the differences in tick infestation and prevalence of T. parva between strains, dipping regimes, and seasons. Analysis of variance (ANOVA) was used to analyze the data on tick count to assess the statistical significance of differences. The fixed effects assessed were strain, dipping regime and season. All results were considered significant at p ≤ 0.05.
RESULTS
Ticks infestation among Sukuma and Tarime cattle strains
Three tick genera, Amblyomma genus, Boophilus subgenus of Rhipicephalus genus and other species of Rhipicephalus were identified in the study area (Tables 1  and 2 ). Rhipicephalus genus accounted for 68.2% of the total ticks whereas Boophilus sub-genus of Rhipicephalus genus and Amblyomma constituted 16.3 and 15.5%, respectively. Significant differences were observed between Tarime and Sukuma cattle in terms of tick counts (p<0.05). Tarime cattle had relatively higher (11.8  0.9) number of ticks per animal compared to Sukuma cattle (7.3  0.9). However, dipping frequency of once every 2 or 3 weeks did not reveal significant differences in tick burden in both strains in both seasons. As expected non-dipped cattle had the highest (14.7  1.1) tick burden compared to cattle dipped at either intervals (p<0.05). When tick infestations on the two cattle strains were compared during between the seasons, higher tick Means bearing different superscripts within column in each category are significant difference (p<0.05). 
Clinical ECF manifestation and PCV among Sukuma and Tarime cattle strains
During the entire experimental period, animals were monitored for clinical signs of ECF. Although no mortality was recorded, however, five animals of Sukuma cattle (20%) showed clinical signs of ECF infection as confirmed by microscopy of blood and lymph smears. All the ECF cases occurred in group 3 animals (Sukuma control group) during the wet season and the sick animals recovered after treatment with buparvaquone (2.5 mg/kg). No cattle from the Tarime strain suffered from ECF during the study period (Table 2 ). Significant differences were also observed between Tarime and Sukuma cattle in terms of packed cell volume (p<0.05). Tarime cattle had relatively lower (29.9  0.2) PCV mean per animal compared to Sukuma cattle (31.9  0.4). However, dipping frequency either once every 2 or 3 weeks did not lead to significant differences in PCV means in the strains. When PCV means were compared between the seasons, higher PCV means were observed during the dry season and the difference between wet and dry seasons was significant (p<0.05) for both strains. Clinically sick animals (ECF) had lower PCV below their respective group means but their PCV level was within the physiological range of 24 to 48 (Table 4) .
Prevalence of T. parva parasites among Sukuma and Tarime cattle strains
The prevalence of T. parva parasites was determined at 3-week intervals from mid August 2014 to mid February 2015, a period representing dry and wet seasons. T. parva prevalence was found to be variable over different sampling periods as well as between strains (Table 3) . Thus, regardless of dipping regime, T. parva parasite prevalence was 24% at the beginning of the study (sampling period 1) and increased to 44% six months later (sampling period 8) for Tarime cattle, whereas it was 32 and 48%, respectively for Sukuma cattle during the two sampling periods. Between the two strains, T. parva prevalence was 28 and 46% at the beginning and at the end of the study period, respectively. Mean prevalence for the entire study period was 38.2% in the study area. However, the difference in parasite prevalence between Tarime and Sukuma cattle strains was not statistically significant.
Prevalence of antibody percentage positivity in Sukuma and Tarime cattle strains
Levels of specific antibodies to T. parva detected in the Tarime and Sukuma cattle strains are shown in Table 4 . All cattle regardless of strain were positive for T. parva antibodies. Tarime cattle maintained signifycantly higher antibody percent positivity compared to Sukuma cattle by 15% (p<0.05). This was further demonstrated when cattle from the two strains were clustered into seropositivity categories (Figure 1) . Thus, higher proportion of Sukuma strain cattle clustered to lower antibody PP (20 to 40) whereas most Tarime strain cattle fell into the higher antibody cluster PP (41 to 60). None of the cattle displayed antibody PP above 60%. Figure 1 depicts the distribution of cattle by strain across seropositivity categories. Interestingly, only a few Sukuma cattle showed antibody PP above 41% whereas Tarime cattle were evenly distributed across the seropositivity categories.
DISCUSSION
This study confirms anecdotal information regarding tolerance of Tarime cattle to ECF as compared to Sukuma cattle kept in the same lake zone of Tanzania. This conclusion is based on three clear findings emanating from this study. Firstly, our study clearly indicated that Tarime cattle carried significantly higher tick burdens than Sukuma cattle. Most (> 68%) of the ticks found on the cattle of both strains were of Rhipicephalus appendiculatus species, vectors of T. parva, the causative agent of ECF. Furthermore, none of the Tarime cattle showed signs of clinical ECF whereas signs were evidenced in 20% of the Sukuma cattle. These findings provide the first testimony to hitherto farmers' assertions that Tarime cattle possess tolerance to both ticks and clinical ECF. Farmers keeping Tarime cattle do not dip their cattle frequently; however, animals of this strain rarely show clinical ECF signs as compared to cattle of other strains communally grazing in the same area (Laisser et al., 2014) . Ability of the Tarime cattle to carry more ticks and suffer less ECF may, therefore, be ascribed to an inherent feature of this strain of cattle, which has a small body size and seem to tolerate harsh local environmental conditions, including pressure from tick infestation. Our result on tick burdens and incidence of ECF in Tarime cattle concur with the findings by Taylor (2006) , who reported a significant negative correlation between animal body weight and tick counts. Animals with an average body weight below 250 kg had 42% more ticks compared to animals with higher body weight.
Also the high tick infestation observed on nondipped cattle agrees with the report by Mathee et al. (1997) who showed that regardless of breed, if ticks are not controlled, animals will always carry more ticks throughout the year and if the animals are not tolerant, there will be high mortality. However, the number of ticks per animal observed in this study differs from that observed by Laisser et al. (2014) in Serengeti and Tarime districts of Mara region. The difference observed may be attributed by several factors, which include management practices and animal factors in these ecological areas. Generally, our findings demonstrate that animals which are adapted to a given environment usually carry fewer ticks as previously reported by Wambura et al. (1998) .
Secondly, when we compared Tarime and Sukuma cattle in terms of prevalence of T. parva parasites, our study has revealed that Tarime cattle had slightly lower parasite prevalence, although the difference from Sukuma cattle was not statistically significant. These results agree with previous findings by Gachohi et al. (2012) and Marufu (2008) who reported that when different breeds of cattle are kept together in T. parva endemic area, less resistant cattle tend to acquire more parasites. Lower T. parva parasite prevalence observed in Tarime cattle may indicate a higher ability of these animals to clear T. parva parasites compared to more susceptible cattle breeds. Our results have further shown that parasitemia increased gradually in both strains from the beginning of the study (period 1) to the end of the study (period 8) by almost 150 to 180%. These data provide an indication of inherent T. parva carrier state of cattle of both strains and that the carrier state increased incrementally throughout the study period. Our data also show that cattle of both strains picked up the infection gradually since they co-grazed on same pastures, however, it is interesting to point out that Tarime cattle did not develop clinical signs to the extent shown by Sukuma cattle. The Lake zone in Tanzania is an endemic area for ECF and as such it would be expected that cattle kept in this area are under constant exposure to the T. parva parasites. Zebu cattle usually acquire immunity to T. parva following recovery after primary ECF infection. It is also evidently reported that natural tick challenge incrementally boosts the immunity acquired by zebu cattle kept in endemic areas (Kazungu et al., 2015) , therefore, resistant individuals or breeds are likely to attain higher immunity compared to susceptible breeds. Our result on the differences between Tarime and Sukuma cattle strains further confirms the preference of farmers in the Lake Zone for Tarime cattle than other strains of cattle (Laisser et al., 2015) . As such, farmers' knowledge on unique attributes of their cattle breeds is usually passed on through generations (FAO/links, 2000) and thus our result has demonstrated evidence to farmers' beliefs and paves way to designing improvement programmes for Tarime cattle for not only ECF tolerance but also in terms of productivity Thirdly, this study has revealed a broad range of antibody percent positivity levels for both strains, but the majority of the Tarime cattle clustered to higher antibody PP categories. Besides being an epidemiological indicator, the level of antibodies in animals in an endemic area may also indicate a measure of resistance to infection pressure in the study area. It is possible that the higher level of specific antibodies reflects the response of resistant individuals in a T. parva endemic area under constant natural tick challenge. Probably, these findings could also suggest the ability of Tarime cattle to mount a stronger antibody response, which primarily play a crucial role in neutralization of T. parva sporozoites in early stages before ECF infection. This is also supported by our finding of lesser clinical ECF infections in Tarime compared to Sukuma cattle. The findings of lower parasite prevalence, but higher antibody levels shown by Tarime cattle suggest a potential state of endemic stability, whereby cattle develop a carrier state of T. parva parasites without clinical disease (Norval et al., 1992; Deem et al., 1993; Perry and Young, 1995; Matovelo et al., 2003) . Our result concurs with Martins et al. (2010) who reported a significant negative association between antibody percent positivity levels in cattle and incidences of ECF cases.
This study has revealed, high seroprevalence which was indicated for both, Sukuma and Tarime cattle strains. The 100% seroprevalence indicates that all study animals had previous exposure to T. parva, although differences existed between the strains and individual cattle in terms of level of antibodies produced. The high seroprevalence obtained in this study area further demonstrates the potential development of a state of endemic stability in the Lake zone, whereby the majority of cattle are expected to be carriers as previously shown by Kazungu et al. (2015) . Dipping regime did not show any influence on seroprevalence results.
Conclusion
The present study has demonstrated differences in terms of tick burdens between Tarime and Sukuma cattle, whereby Tarime cattle carried significantly higher tick load. Tarime strain of cattle was also different from Sukuma cattle in terms of T. parva parasite prevalence and antibody percent positivity. The higher antibody levels but lower parasite prevalence shown by Tarime cattle suggests a higher proportion of resistant individuals in this strain, which may potentially support development of a T. parva carrier state. Our study provides evidence to farmers' beliefs in the Lake zone of Tanzania regarding resistance of Tarime compared to Sukuma cattle. This paves a way to designing improvement programmes for the Tarime cattle for rational utilization.
